Sitka spruce seeds which had been: (1) untreated (U), (2) prechilled (P), or (3) prechilled and then redried and stored for 16 months (R), were sown into progressively warmer seed beds on four dates at monthly intervals from March to June. At each sowing date, samples of seed were germinated in the laboratory at optimum (20°C) and sub-optimum (10°C) temperatures. Prechilling and prechilling + redrying both increased the rate and total amount of germination compared with untreated seed at each test temperature. However in the nursery, the beneficial effects of pretreating Sitka spruce seed were restricted to sowing in March and April when soil temperatures were sub-optimal for the germination of untreated seeds. Pretreatment resulted in rapid seedling emergence at soil temperatures between 10°C and 15°C, whereas untreated seed germinated slowly and seedling emergence continued until high soil temperatures in June killed ungerminated seeds. The pattern of seedling emergence from the redried seed was similar to that from the prechilled seed, except for a lag in the start of seedling emergence probably due to the extra rime needed for redried seed to imbibe water in the seed beds. Thus redrying caused insignificant loss of seed performance on the nursery.
Introduction
the expression of d ormancy depends on the Untreated seed of Sitka spruce {Picea sitchensis germination temperature (Bewley and Black, [Bong.] Carr.), like that of many conifer species, 1994). Seed is usually pretreated before sowing exhibits shallow or relative dormancy (Gosling in the spring by incubating imbibed seed at low and Wakeman, 1984; Gosling, 1988a) , where temperatures between 1°C and 4°C for 3 to 6 weeks (Gordon, 1972; Edwards, 1986; Gosling, 1988b; Chaisurisri etal., 1992; Gosling and Aldhous, 1994) . Prechilling results in more rapid, uniform germination as well as higher total germination and this, combined with early sowing dates, is important for achieving high seedling efficiencies in nurseries (Buszewicz and Gordon, 1975; Boyer and South, 1988 Barnett, 1989; Weber and Sorensen, 1990) .
Laboratory studies have shown that the main effect of prechilling is to widen the range of temperatures over which seed will germinate, as well as improving the rate of germination at intermediate temperatures (Allen, 1960; Barnett, 1979; Gosling, 1988a) . For example, the germination capacity of untreated Sitka spruce seed was more than 90 per cent at the optimum temperature of 20°C, but progressively decreased at both warmer and cooler temperatures, with no seeds germinating at temperatures less than 10°C or greater than 30°C (Jones and Gosling, 1994) . Prechilling seed at 4°C for 6 weeks removed the dormancy at 10°C and 30°C and increased the germination capacity to the same value as at the optimal temperature for untreated seed of 20°C. Prechilling also increases the rate of germination across the range of germination temperatures, raises the maximum germination temperature to 35°C (Jones and Gosling, 1994) , and reduces the minimum temperature for germination to 5°C (Jones and Jinks, unpublished) .
Because the degree of dormancy depends on the germination temperature, the extent to which pretreating conifer seed improves seedling emergence in the nursery should depend on the soil temperatures prevailing during germination. However there appears to be little published information directly relating the differences in germination measured in the laboratory between untreated and pretreated seed, to nursery performance at various seed bed temperatures. Barnett (1993) has shown that the effects of pretreatment on the germination of shortleaf pine seed sown in spring were similar to germination results obtained from laboratory incubation at 18°C under short days, however no measurements of soil temperature were reported in this study.
As soil temperatures rise during the spring, they pass through the low positive range which is effective for removing dormancy, before progressing into the range over which seed can germinate. Untreated seed sown in early spring, while soil temperatures are between 1°C and 5°C, may undergo sufficient natural pretreatment to increase the rate of subsequent germination when temperatures rise above the minimum for germination. For Sitka spruce, the results of germination tests at constant temperatures suggest that the greatest improvements in germination from pretreating seed should occur when seed is germinated at soil temperatures between 5°C and 15°C. Less difference between the germination of untreated and pretreated seed would be predicted with seed sown later in the spring when soil temperatures are near optimum (20°C). As well as enhancing germination at cool soil temperatures, laboratory results suggest that pretreatment could improve the germination of seed exposed to supra-optimal soil temperatures in seed beds. However, the variations of soil temperatures in seed beds are much more complex than in most laboratory studies, changing both diurnally and seasonally, as well as being influenced by location of the nursery, differences in microclimate within the nursery, and the weather. Such variations may complicate the extrapolation of laboratory results to the nursery.
The main objective of this investigation was to determine whether the benefits of pretreatment on germination at different temperatures in the laboratory, would also be found in seedbeds when similar temperatures prevail. This was achieved by comparing the effects of seed pretreatment on the germination of Sitka spruce sown on four occasions into progressively warming seed beds through spring to early summer. In addition, two types of pretreatment were compared with untreated seed on each sowing date: a moist prechill for 6 weeks at 4°C using the Target Moisture Content (TMC) method (Jones and Gosling, 1994) , and prechilled seed which had been redried after TMC prechilling for 14 weeks and returned to store. Earlier reports have shown that drying Sitka spruce seed back down to storage moisture content can be detrimental (Buszewicz and Gordon, 1974) . However recent laboratory investigations have shown that redrying pretreated seed can preserve the benefits of prechilling (Jones and Gosling, 1990; Jones etal., 1993) , but the performance of redried seed has not been tested in the nursery.
Material and methods

Seed material
The Sitka spruce seed used in this experiment was collected from East Scotland in 1983 and had been stored in sealed containers at 7 per cent moisture content at 4°C. The UK Forestry Commission identity number was 83(2017) and the place of origin was British Columbia. Germination results reported in the Official Seed Testing Station Test Certificate for untreated and prechilled seed are shown in Table 1 . Following the criteria of Gosling and Peace (1990) this seedlot was dormant with both the germination rate and capacity increasing after a 3-week 'top of paper' prechill.
Treatments
Three seed treatments were sown on four different sowing dates. The seed treatments were:
1 Untreated (U)-seed received no prechilling and was sown with a moisture content of 7 per cent. 2 Prechilled (P)-the seed was given a TMC prechill by adjusting the seed moisture content to 30 per cent by adding known amounts of water, and then incubating at 4°C in polythene bags (62.5 u.m thick) for 6 weeks (Jones and Gosling, 1994) . 3 Prechilled and redried (R)-seed was TMC pretreated for 14 weeks, redried to 7 per cent moisture content and then stored in sealed containers at 4°C. By the first sowing date seed had been stored for 64 weeks.
Seed of each treatment was sown into separate plots on seed beds at Headley Nursery, Surrey, UK, on four dates in 1992: 11 March, 8 April, 6 May, and 3 June. There were four replicates of each treatment combination and plots were arranged in a completely randomized block design. Each plot consisted of 0.5 m length of 1.2 m wide bed, 100 seeds were sown by hand in five drills, 1 cm deep, running the length of each plot. Seeds were sown in drills to facilitate the placement of individual seed, especially during windy weather. After sowing the drills were carefully refilled with soil and the plots were covered with a layer of light coloured grit and then sprayed with pre-emergent herbicide (diphenamid 4 kg a.i. ha" 1 ) within a day of sowing. All plots were covered with bird netting until seedling emergence had stopped; baited traps were placed inside the netting to trap mice. Seed beds were fertilized and irrigated according to conventional practices for the nursery.
Laboratory germination tests
At each sowing date, samples of seed from each treatment were tested at optimal (20°C) and sub-optimal (10°C) temperatures in the laboratory. For each treatment, 100 seeds were sown on moist filter paper in each of four replicate plastic germination boxes (Gosling, 1988a) . Germination was assessed at regular intervals over 42 days for the 20°C tests, and over 61 days for samples incubated at 10°C because of the slower rate of germination. A seed was considered to have germinated when its radicle was at least three times the length of the seed coat. The following parameters were calculated for each replicate to allow comparisons to be made with nursery emergence: maximum germination, days from sowing to 5 per cent germination, duration of germination (defined as the number of days from 5 per cent germination to 90 per cent of maximum germination for each replicate), and average germination rate during this period (obtained from linear regressions of cumulative germination against time). Because of the virtual absence of germination of untreated seed at 10°C, this treatment combination was omitted from the statistical analysis, and the main effects and interactions of seed treatment, temperature and sowing date on the rate and duration of germination were analysed by linear regression after appropriate transformation of the data (see Table 2 for details). Standard errors of differences were obtained from analysis of variance using each treatment combination as a separate treatment, but excluding the 10°C X untreated combination.
Nursery measurements
The number of emerged seedlings in each plot was counted at 2 to 3-day intervals after the first 10 per cent of seedlings had emerged from the earliest treatment to begin germinating. Record- Table 2 : Maximum percentages and rates of seed germination and seedling emergence in the laboratory and in the nursery for untreated (U), prechilled (P), and prechilled and redried (R) seed of Sitka spruce. ing continued until either three identical counts were made on consecutive occasions, or for at least 1 month after the maximum emergence had been recorded if seedling numbers were declining. The same variables as in the laboratory germination tests were calculated from the seedling emergence data of each replicate. These variables were analysed using analysis of variance (ANOVA), examination of plots of residuals against fitted values showed that average emergence rate required transformation using logio, and maximum percentage emergence was transformed using the angular transformation. During the following November the number of surviving seedlings in each plot was counted and the height and root collar diameters of all surviving seedlings was measured. Data were analysed by ANOVA after appropriate transformations shown in Table 2 .
Nursery emergence
Soil temperatures at 1.0, 2.5, 5.0, 10.0, and 20 cm below the seedbed surface were recorded hourly from the first sowing date until the final emergence assessment date using two replicate sets of thermistor probes. Each set of probes was installed before the first sowing date by excavating a pit in the buffer between a pair of randomly selected plots and inserting the probes horizontally into the face of undisturbed soil beneath one of the plots at the required depth. Aspirated air temperature records for the nursery site were also recorded on a separate logging facility. Daily maximum, minimum, and mean temperatures were calculated from the hourly temperature recordings.
On two occasions the data logger was out of action and average daily soil temperatures for the required period were estimated from a multiple regression equation (adjusted R 2 = 0.96) using irradiance, air and soil temperature data recorded at a separate logging facility located on the nursery.
Results
Soil temperatures
Throughout the month of March average daily soil temperatures at 1 cm below the seed bed surface remained between 5°C and 10°C ( remaining months (June-August), average daily soil temperatures fluctuated between about 15°C and 25°C according to different weather conditions. The daily range of temperatures in the surface layer of the soil (1 cm) also varied with the weather and was as little as 3°C, but frequently exceeded 25°C from May onwards. Maximum daily temperature reached about 20°C in March, 30°C in April, and regularly exceeded 30°C from May onwards. In laboratory germination tests, Sitka spruce seed is killed at temperatures higher than 35°C (Jones and Gosling, 1994) , and there were four periods of very high soil temperatures with three or more consecutive days when hourly temperatures in the seed beds exceeded 35°C (Figure 3a) . The first occurred between 19 and 24 May when the highest maximum temperature was 40°C, the second period of high temperatures was about a month later between 12 and 15 June when soil temperatures reached 41°C. Two further periods of high soil temperatures were recorded on 27-29 June and 27 July-1 August when maximum temperatures reached 40°C and 38°C respectively.
Average soil temps at 1 cm depth for the period between sowing and the time of maximum germination for the three seed treatments at each sowing date are shown in Table 2 . Average soil temperature during the germination period of the prechilled and the redried seed sown in March was about 11°C, and this increased to about 14-15°C for April sown seed. Soil temperatures during the germination of untreated seed sown in March and April were about 3°C higher because germination continued for longer into June. Temperatures for all seed treatments sown in May and June averaged about 20°C. Average daily soil temperatures were nearly the same at all depths but the daily temperature range decreased with depth since daily maximum temperatures were cooler and minimum temperatures were warmer in the deeper layers of the soil (Figure 2 ).
Laboratory germination
Not surprisingly, in the controlled conditions of a laboratory, there was no significant effect of sowing date on the germination of the three seed treatments at each test temperature, and so only the main effects of the seed treatments and the test temperatures on germination are presented in Table 2 . There were highly significant differences (P<0.001) between test temperatures and the seed treatments for maximum germination, time to 5 per cent germination, duration of germination, and average germination rate (Table 2) . Less than 1 per cent of untreated seed (U) germinated at 10°C, whereas both prechilling (P) and prechilling and redrying (R) increased germination to 46 per cent and 40 per cent respectively. At 20°C, maximum germination of the untreated seed increased to about 85 per cent, this was about 21 per cent higher than the germination results reported on the Official Seed Testing Station Certificate (Table 1) . It is likely that the untreated seed had not reached its full germination capacity by the end of the 21-day test periods prescribed for official tests at 20/30°C. Germination of the two pretreatments at 20°C was also significantly higher than at 10°C at about 95 per cent. The prechilled seed (P) incubated at 10°C began germinating 20 days after sowing and this was about 7 days before the redried seed (R) started to germinate; prechilled seed also germinated nearly twice as fast as redried seed at nearly 3 seeds day"
1 . At 20°C, the time before the start of germination in all treatments was about half that at 10°C, the prctreated seed (P) again began germinating first after 5 days, while the redried seed (R) started after 7 days and untreated seed (U) after 9 days. Average germination rates of pretreated seed were nearly six times higher at 20°C, with prechilled seed germinating fastest at about 18 seeds day" 1 , while rates for redried and untreated seed were about 9 and 5 seeds day" 1 respectively.
Seedling emergence
In the nursery, there were highly significant interactions (P<0.001) between seed treatments and sowing dates for maximum seedling emergence and measures of germination rate and duration ( Table 2 ). The pattern of seedling emergence was similar for both the prechilled (P) and the redried (R) seed sown in March and April, with emergence following a sigmoid relationship with time (Figure 3b and c). Total seedling emergence from both the prechilled (P) and the redried (R) seed sown on the first two sowing dates was not significantly different and reached an average of 86 per cent (Table 2) . Similarly there was no difference in either the duration or the average rate of seedling emergence from the prechilled (P) and the redried (R) seed sown on both occasions, emergence took on average just under 17 days to complete at an average rate of about 5 seeds day" 1 (Table 2 ). However the time between sowing and the start of seedling emergence from both the prechilled and the redried seed was about 40 per cent less, at 25 days, for seed sown in April compared with March when seedlings took about 43 days to begin emerging. Seedlings also began emerging between 5 and 8 days later from the redried seed (R) compared with the prechilled seed (P).
Untreated seed also showed no significant differences between the March and April sowing dates in the maximum percentage of seedlings which emerged, duration of emergence, and average emergence rate, while time to the start of emergence decreased from 61 days in March to 37 in April (Table 2) . However, untreated seed germinated much more slowly than either of the pretreated seedlots. In March and April, seedlings started emerging from the untreated seed about 18 and 12 days later than from pretreated seed (P and R). The average rate of seedling emergence from the untreated seed was about 40 per cent that of the pretreated (P) and the redried seed (R) at just over 2 seeds day" 1 . The combination of longer times to the start of seedling emergence and the slower rates of emergence resulted in emergence continuing into June when it was abruptly halted during the second period of high soil temperatures between 16 and 20 June (Figure 3a, b and c) . This resulted in the maximum emergence from untreated seed (U), averaged for March and April sowing dates, of only 64 per cent, compared with 86 per cent for both of the prechilled seed treatments (P and R). After 20 June seedling numbers from the untreated seed declined steadily and had fallen to about 50 per cent by early July (Figure 3b and c) .
The pattern of seedling emergence for seed sown at the beginning of May and June was dominated by seedling death during periods of high soil temperatures (Figure 3a, d and e) . Seedling emergence from all three seed treatments sown in May ceased after 16 June when emergence of seedlings from the prechilled (P) and the redried seed (R) had reached about 53 per cent, and only 28 per cent of the untreated seed (U) had emerged (Figure 3d ). Emergence from June sown seed was curtailed after the end of July when soil temperatures again exceeded 35°C (Figure 3a and e). Seedling emergence from the untreated seed was similar to the previous month at 23 per cent, but emergence from both the prechilled and the redried seed was reduced further to only 17 per cent and 36 per cent respectively. Although seed sown in May and June experienced nearly optimum average soil temperatures for germination of around 20°C, the rates of emergence were lower than those measured in the laboratory at a constant 20°C, and either remained unchanged or decreased compared with rates for the previous two cooler months, indicating that other conditions or the alternating temperatures in the seed beds were less favourable for germination. Time to the start of emergence from both the untreated (U) and the redried (R) seed sown in May remained unchanged from the previous month at about 34 and 27 days, while seedlings began emerging from the prechilled (P) seed after only 17 days from sowing, about 5 days earlier than for seed sown in April. There was no significant difference in emergence rate between the three seed treatments sown in May, but their average emergence rate of 3 seedlings day-1 was about 60 per cent lower than for April sown seed. Compared with May, the time to the start of emergence from the prechilled seed (P) sown in June increased from 17 to 31 days and remained unchanged for both the untreated and the redried seed at 32 and 26 days respectively. Average emergence rates were further reduced to little more than 1 seedling day"
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1 . Seedling numbers in all treatments declined between the time of the last emergence count and the winter assessment (Table 3) ; no new seedlings were observed to have emerged during the same period. Seedling numbers in both the prechilled and redried treatments sown in March and April decreased by a further 15 per cent after the date of the last emergence count, resulting in a net emergence of about 70 per cent (Table 3) . Seedling numbers for the untreated seed sown in March and April decreased from a maximum of 65 per cent to about 40 per cent by the winter (Table 3) , most of this reduction occurred during the month following peak emergence time (Figures 3b and c) . Both prechilled (P) and redried (R) seed suffered particularly high losses of about 28 per cent when sown in May, reducing survival to about 25 per cent (Table 3) . Reduction for other treatments were less and averaged about 7 per cent (Table 3 ).
The average height of seedlings from both the prechilled (P) and the redried (R) seed sown in either March or April was just under 8 cm, about twice the average height of seedlings produced from the untreated seed. By the May sowing date, height of pretreated seedlings (P and R) was reduced by 70 per cent to an average of about 2 cm, while the average height of untreated seedlings was reduced by nearly 65 per cent to only 1.4 cm. All treatments sown in June resulted in seedling heights of 1 cm or less. The effects of sowing dates and seed pretreatment on stem diameter followed a similar pattern to seedling height with pretreated seed (P and R) sown in March and April producing the largest girths of 1.5-2.0 mm (Table 3 ).
Discussion
The cessation of germination and the loss of newly emerged seedlings associated with high soil temperatures was an important factor affecting total seedling emergence in the nursery. Laboratory studies have shown that Sitka spruce does not germinate at temperatures higher than 35°C (Gosling, 1988a, Jones and . In the nursery, germination generally stopped when maximum soil tempera- tures exceeded 35°C, particularly after the middle of June, suggesting that heat injury was primarily responsible both for stopping germination and for the loss of some of the newly emerged seedlings. However soil moisture deficits associated with high soil temperatures may also have reduced germination. Kaufmann and Eckard (1977) showed that soil water deficits reduced germination of Englemann spruce (Picea engelmannii) more at a high temperature of 35°C than at 16°C or 25°C. The irrigation frequency used in this trial was typical of standard nursery practice, but more frequent irrigation may have reduced injury by maintaining high soil moisture levels and also cooling the surface layers of the soil through latent heat of evaporation. Periods of high soil temperatures did not always stop germination completely since temperatures exceeded 35°C in May without apparently preventing more seedlings from emerging from the untreated seed sown in March and April, which were the only treatments germinating at that time. High soil temperatures also reduced the rate of seedling emergence, since emergence rates from pretreated seed (P and R) sown in May and June were much lower than for seed which experienced cooler seed bed temperatures in March and April. In addition, the growth of those seedlings which did emerge was severely reduced. For example the seedlings that emerged from pretreated seed sown in May reached only one third of the height of the seedlings that were produced from seed sown in April.
The optimum temperature for the germination of both pretreated and untreated Sitka spruce seed is about 20°C (Gosling and Wakeman, 1984; Gosling, 1988a; Jones and Gosling, 1994) . In the nursery, average soil temperatures at 1 cm below the seed bed surface reached 20°C by the middle of May, however the daily amplitude of temperature around these average temperatures meant that daytime temperatures regularly exceeded 35°C. This extreme thermal regime in the surface layers of seed beds on light sandy soil effectively prevented exposure of seed to optimum germination temperatures for any significant length of time. Although pretreatment can improve germination of Sitka seed at a constant 30°C in the laboratory (Gosling and Wakeman, 1984; Gosling, 1988a; Jones and Gosling, 1994) , this temperature is only 5°C less than the maximum temperature for germination, and any improvement in the tolerance or resistance of seed to injury associated with high soil temperatures was not evident from the nursery emergence results. If sowing into warm seed beds is unavoidable, then maximum soil temperatures must be reduced by modifying the thermal environment of the seed bed by, for example, shading to reduce the transfer of heat energy into the soil.
In the absence of measures for reducing high soil temperatures, successful germination is limited to times of year when soil temperatures are sub-optimal for the germination of untreated seed. Under these conditions in early spring, untreated seed germinated slowly and seedlings continued to emerge until soil temperatures reached damaging levels in June; seed bed temperatures were never favourable for the rapid germination of untreated seed. By the end of the season, seedlings produced from untreated seed were about half the height of seedlings which originated from both lots of pretreated seed. The extended time that seedlings took to emerge from the untreated seed is also undesirable for producing a uniform crop of seedlings, for example Mexal and Fisher (1987) have shown that the mortality and size of loblolly and ponderosa pine seedlings was strongly related to the time of seedling emergence.
The improved germination from prechilled (P) or prechilled and redried seed (R) at suboptimal temperatures found in the laboratory tests was also clearly demonstrated in the nursery by the most complete and rapid emergence of seedlings during early spring. Although the importance of pretreatment or stratification for successful germination on nurseries has been demonstrated for several conifers (e.g. Buszewicz and Gordon, 1975; Weber and Sorensen, 1990; Barnett, 1993) , the results of this study show that the beneficial effects of pretreating Sitka spruce seed are restricted to times when soil temperatures are sub-optimal for the germination of untreated seed. Pretreatment did not improve seedling emergence at supra-optimal soil temperatures.
Recommendations on suitable sowing dates are usually based on calender dates (Aldhous, 1972; Mason, 1994) , or when soil temperatures pass a particular threshold. Average soil temperatures at this particular nursery passed from 10°C to 20°C in just 35 days, about the same length of time that prechilled seed sown in April took to complete germination after sowing. Ideally seed should be sown when soil temperatures are approaching the lowest at which germination can take place. Any delay in sowing even pretreated seed when soil temperatures have risen above the minimum increases the risk of germinating seed being exposed to high bed temperatures due to the potentially limited time available for completion of seedling emergence. Extended prechilling (Jones and Gosling, 1994) may reduce further the time taken to complete germination at cool soil temperatures.
While temperatures cannot be forecast with any precision, pretreated Sitka spruce seed should be sown when average soil temperatures are between 5°C and 10°C, or even earlier if nursery conditions allow. As with many soils (Montieth, 1973) , the average daily temperature did not change appreciably with depth in the upper layers of the seed beds, and so the measurement of average soil temperature can be made at any convenient depth where soil temperatures are fluctuating on a daily basis. The daily amplitude of soil temperatures was dependent on soil depth and so measurements of the maximum temperatures to which seed are exposed must be made at or very near to the sowing depth.
The ability to redry and store non-dormant seed after pretreatment offers several advantages including centralized pretreatment of seed well in advance of the intended sowing date. Laboratory studies have shown that prechilled seeds of Sitka spruce (Jones and Gosling, 1990; Jones et al., 1993) , and several other conifer species such as Pinus ponderosa (Danielson and Tanaka, 1978) , Pinus taeda (Barnett, 1972; Campbell, 1982) , and Pinus elliotti (Campbell, 1982) , can be redried to storage moisture content without reducing germination capacity, although redrying to progressively lower moisture contents retards the rapid germination brought about by prechilling. In contrast to tests made under controlled conditions, there is little published information available on the performance of redried seed under nursery conditions. In this study there was no difference in the maximum emergence of seedlings from the prechilled (P) and redried (R) treatments sown on the first three dates. However the redried seed performed better than the prechilled seed when sown in June, suggesting that imbibed seeds may be more susceptible to high temperature injury in the seed beds. Although prechilled seed germinated faster than redried seed under laboratory conditions, both pretreatments germinated at the same rate in the nursery. However seedlings began emerging from the redried seed between 5 and 8 days later than from the prechilled seed, this consistent lag was probably due to the additional time needed for the redried seed to imbibe water in the seed bed. Apart from this difference, the results of this experiment show that redrying and storage of pretreated seed can preserve the benefits of pretreatment and can give nearly identical germination performance on the nursery, so providing more flexibility to sowing programmes.
In conclusion, the results of this investigation have shown that seed pretreatment must be combined with early sowing to ensure rapid, uniform seedling emergence from seed to shallowly dormant species like Sitka spruce. Seed can be pretreated either immediately before sowing, or earlier and the pretreated seed then redried and returned to storage until required for sowing. Late sowing of both untreated and pretreated seed increases the chances of loss of seedlings through heat injury. There was no evidence from this study to support the recommendation that sowing untreated seed early into cool seed beds will break dormancy (Aldhous, 1972) . Seedlings emerged continuously and slowly from untreated seed sown in March and April until soil temperatures became too high and ungerminated seed was killed.
